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POWER PLANTS IN AIRPLANES
V. I. Polikovskly

(Review of G. I. Volkov's Silovyye us:ianovki samoletov (Power Plants in Airplanes),
published by Leningrad Army Air Force Engineering Academy, Leningrad, 1947)

Thie textbook for students at the Leningrad Army Air Force Engineering
Acedemy snalyzes power plants of airplenes with reciprocating engines and, to
a lesser extent, with jet engines. The work of the national institutes,
TsAGI (Central Aero-Hydrodynamic Institute), TeIAM [éentral Institute of
Aviaiion fuel~ and 01117, etc,, and significant foreign materials form the
basis of this textbook.

In addition to gemeral formulas and calculating methods, series of values
ary given for application to concrete problems, More of this very useful
information, especially on problems of cooling, intake, and exaaust, would be
valuable.

In the book the development of power plants, as a whole, 1s not studied,
and developaent tendencies are not analyred. Many as yet unsolved problems in
aviation technology (the aerodynamics of high speed, cooling at extreme
alsitudes, fuel gyatem control, etc.) are treated categorically; and the authar's
conclusions on these and other -roblems cannot be evaluated.

Insufficient gensral information is given on Jet engines. Material should
be 2dded un the starting of jet engines, cun the cooling of engine parte, Ja the
shape of the cowvling, on the control and performance of the engine, etc.

Data 18 lacking on engine mounts and on engine euspension. On the other
hand, there is an excees of detail on the design and mechanics of propellere,
on the theary of governors (i .abi)ity, automstic coutrol) and other materiael
whior is either obtainable in general theory courses, or better left to
spacialized courases.
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Chapter 1 18 & general treatment of airplane power planta. ‘omparison

between reciprocating and Jet engines is not clearly drawn. The weight of

the airplane is given without consideration of specific fuel consumption. The

aggsrtion that the efficiency of the propeller at a speed of 950-980 kilometers

per hour "falle almost to nothing and makes & further increase of the plane‘s

spead by the power plant impossible™ ia incorrect. An increase in speed above

950-980 kilometers per hour is virtr:lly unattainable by airplanes with reciprocat-

ing power plants becauss of unfavorable gravimetric factors and because of the

difficulty of generating sufficlent power in a single power nlant, and not

becauge of & cataastrophic fall in the efficiency of the propeller. At 950-980

kilometers per how’, propsllers attain an efficiency rarge of 0,6-0.7.

Turboprop engines, which have attalned speeds of 950 kilcmeteras per hour,
ars not examined. ' Since turboprop engines occupy a position between reciprocating
engines and turbojet engines, their omission diatorte the over-all picture and
prevents comparisons between various typee of engimes. Unwarranted praise is
given tc Alracobra-type power plants.

The unsubstantisted statement that "installation of the engine in the noss
of the fuselage is an advantage™ is slso made. Any merits of this type power
rilant are not comnected with the merodynemic advanteges in fuselage stream-

lining.

. Reforring to jet power nlants;, the author writes, "Flight with one engine
off is facilitated, sinc» the enginee can be located closer to the axis of the
airplane.” )

In f1ight with one engine off. the thrust of the remaining reciprocating
engine can be increased by increasing the engine speed, whereas under similar
conditions the thrust of turbojet engines remains constant at best. ‘his fact
is more important that the relatiomship between engines and airplane axis. In
Jet pover plants, flight on one engine is made more difficult, and ies a
definite handicap. The author adds, “Ducts for the rassage of air to the
engine cause substantial internal drag." He misleads ‘he reader, inasmuch as,
in most cases, intake ducts cen operate with losses of 100-200 millimeters in
weter-columm pressure and with & lowering of thrust of 2-3 percent and of
effisiency of 1.5-2 percent. "Subastantial™ losses are not caused dy the
preesnce of intake ducts, but by faults in their design.

Chapter 2, "Airplane Propellers,™ deals with the operation of propellers
of variable pitch. Compariscn is rot made between ordinary znd reversible
type propellsxs. Too much attention in given to the foreign propellers,
"Hydromatic," “Aeroprop," etc., at the expsnse of native types. According to
the author, heavy propsllers, sudden maneuvering, or sudden changss in the
operation of the engins, lower the ‘hrust of the power rlent end tha airplane
"can lose stability.” Actually, lagglng by the propeller depends on the work
of the engine; atability ~f the plane 1s not involved.

Chapter 3, ‘ruel Syetems,"™ is tne first cf the impertsnt chapters of
the book. “The Fuel Systems of Jet Airpisnes” iu the only unsatisfactory
section of this chapter. Data is sketchy; definitive methods have not
yot been eatablished; experience must be accumulated.

Chspter 4, "Lubricating Systems,” is marred by errors and omissiocms.
In the caloulation of high-altitude nerformance of ludricating synrtems, the
author does not mention the influence of residual air mixed and diffueed in
the lubricant. The influence o” residual air can cause &'.ostantial
discrepanciea between calculation and nractice.

The capacity of ths lubricating system "to maintain the temperature of

the o1l under given conditions with a sudden opening of t¢he throttle and
some 1ag in the opening of the oil thermostst®™ ia conaiderad under “pick-up.®
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s;earlj, :.his very important quality should be considered as "lag* rather tnen
pick-up. S - v : : - . '

Although contemporary opinion agrees with the author that "coéntrol of ks
temporature of the ofl should be at the oil inmlet,” many Soviet motors aet and
gauge the temperature of the oil at the oil outlet. Omission of such detail
makes the wark technically inacourats.

Chapter 5, “Ligquid Cooling Systems,” examines water cooling of sngines.
The statement that optimum lcss of pover in cooling is 10-15 psrcent 1 Inparrect,
gince the figure can be much lower., “By inereasing the droy in temporature, the
surface ares of the radimtor can be decremsed,® writes the suthor. This why
be trus, but drope in the temperature mre utilized for lowsring evaporation
rather than for dscreasing the surface arca of radiators.

Chapter 6, the beat in the book, treats of cooling devicea in power piants.
The author examines in detail all the processes and problems involved in cooling
devices, carefully utilizing matsrials from the investigations of the aviation
institutes of the USER, However, in exsmining air-cooled systems, he doea not
utilize ths most. modern methods for determining the necessary cooling under
ideal wean temperature of the gas 4n the cylinder.

He incorrectly atates that a lovwering in dreg is achieved at ths
axpende: of heating of the air, and that an eacape of air from the radiator
"is scoompanind by the sppesrance of reactive forces.® Drag rather than reactive
forééd 18 the resl prodblem.

Chapter 7 axamines intake syetems of airplenes with reciprocating and
Jot engines. In the sectiorn on "Intake Systems in Jet Airplanes,” the statement
is made that a decrease in utilization of ram pressure will decrease the thrust
and efficiency of the engine at the wame.rate. Actuaily, the primary cause
for a lowering o’ thrust and a loss in intake, 1.s., a lowering of pressurs
ahead of the compressor, is a decresnce in air consumptica and an apprcximately
propartional decrease in fuel comsumption. The relative decrease in offidiency
1s substantially (1.5-2 times) less than the relative decrease in thrust. The
influence of boundary layers along the intake duct in oversimplified.

Ciapter 8 considera exhaust systems in reciproceting and Jet engines. The
study and analysis of work on jJet exhaust ducts is based on old material.
Recont changes, imtroduced in werk on exhaust ducte by supersharging and
soavenging, are not taken into account. * .

The author makes” thé Incorrest assertion that the loos of ‘power to
the englne caused dy drag in thé sxhaust is slight. In an evaluation of the
advantages cf Jet extisust ducts, he writes that "the average rate of discharge
of gas fram these ducts je higher than the rate of discharge from exhaust
manbfolds." Actually, the tctal area of the sxbaust sections of individnal
ducts is much greater than the total area of exhaust manifolds.

Chapter 9 contains useful.information on wiring, tubing, and lubricating
Systems of turbocomprossors, etc. Comparison is made between turbocompresscm's
and jot exhaust ducts with regard to the utilization of the energy of exhaust
gasss. Huowever, problems dealing with sslsction of turbocompressars, structure
ani performance of power plants, relationships bdetween ths work of turbocompres-
sors and the work of supercharging systems, important in a study of turbocomprea-
sor plants, ars omitted.

Ghapter 10 deals with water injection, which should have been taken up in
the sections on cooling. The author frequently speaks of the possibility of
using water injectin to increase the efficiency of the engine. Additiomal
conmumption of fuel and water makes the application of water injection

unecoromical ,
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ISR chapter ‘11" examines external means ot starting 1° sciprocating engines .
_¥ven elemsntary theoratical problems dealing with the dctivities of electric
-' roluctance and the thermodynamics’ of ai: syateirs of sta.rting ars cnitted
T Gha‘pter 12 $nolides material dealing with thé firéproofing of power

e plant ‘equipment, umlJ,y not inciuded in courses oa powsr plants despits
j"itn 1mpartamca.

R Chnpter 13 ezan:l.nea direct apd autcmatic cuntrol systema for rocipre-
eutiux engines . The chapter doss not include many important probleas on
- monnts, stops, rehtimuh:lps betwesn chnngeu in’ the ‘position .of controls
i and deviaticns. in' the omitrol paramsier, recording end control devices , oto.
. BtuGles of d4rect ard autématic control syetems for gas turbine engines
i »a.re alao ani‘btod.

: Benpite :mv Hhortumninga, the book 1s much better than any previous

; "toxtbooh on power plants in airplanes. S8ince this book deals primerily
<L with resiprocating engines, supplementéry material is necsseary for coursss
T om power plants’ in:tur¥ojet engines.
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